newspapers nowadays offer an online version and sell access to their content. Concerning public communication of science, and science journalism specifically, the Web is regarded as a "new space," where authors can "guide" readers through diverse information sources and types (Trench 2000) and where the general public can access a body of information that was previously "hidden" from them (Peterson 2001) . Either as a news making or as a dissemination tool, the Web is changing the practice of science writers and making new stories possible, although it has also raised some concerns about source reliability and information quality (Trumbo et al. 2001) . Reasons exist to believe that the Web will be adopted as an important medium for publishing science news in the future. Speed, breadth, and cost of delivery are important issues that may promote the dissemination of this medium (Eveland and Dunwoody 2001) .
Even though some science popularization Web sites are already frequently visited, few data are available on how users actually read, understand, and make use of the content. Therefore, it is not clear whether the Web allows the communication of science as effectively as, or even better than, the traditional printed media. On one hand, authors can use electronic media to provide contextual material, increase the number of information sources, include multimedia contents, and establish new forms of communication with the public. These potentialities are interesting and attractive. On the other hand, results from experimental research have shown that multimedia technology is not easily handled. Issues of disorientation, high cognitive prerequisites, and lack of experience with technology constitute barriers for users (Dillon and Gabbard 1998) . Thus, although a science popularization Web site may offer a variety of services and contents, it may also happen that readers do not actually exploit these possibilities as effectively as they do with traditional print media. Is there any change in meaning making and comprehension processes when we switch from print to electronic media? Does technology influence the perception of science arguments? These important questions remain largely unanswered.
In the context of science popularization, both print and electronic media deal essentially with written language, that is, text. There are large differences in the way that textual elements are displayed and interconnected in the two media. These differences may affect users' perception, comprehension, and evaluation of arguments in science reports. For this reason, we start with a brief review of the impacts of computerized presentation on text legibility. We then turn to the issue of assessing media efficacy in terms of comprehension, learning, and other criteria. Finally, we examine the role of individual variables-such as experience with technology and content-area expertiseon the effectiveness of computer-based reading activities.
Effects of Presentation Format on Legibility-Hypertext 1 versus Print
Legibility can be defined as the adequacy between a given text and it's intended readership (Labasse 1999 ). There are, as Labasse writes, several levels of legibility, ranging from surface to deep levels. Surface legibility includes the perceptual characteristics of the materials (i.e., typography, colors, contrast, and so forth), while deep legibility refers to semantic and structural parameters that determine a text's comprehensibility. The presentation of text on electronic media is known to affect legibility on both levels.
In the current stage of technological development, the display of text on computer screens was found to have a negative impact on surface legibility (Dillon 1994) . In most of the studies conducted so far, surface legibility was assessed using measures of reading time or the amount of errors in proofreading tasks. Reading from standard computer displays is about 20 percent slower and more error prone than reading on paper (Nielsen 2000) . To present a better level of legibility, computer presentation requires the use of a greater contrast, less information density, and a larger print size (Caro and Bétrancourt 2001) . Screen legibility can also be improved through the use of high definition screens (Gould et al. 1987) . Currently, however, most Internet users work with standard electronic displays, and few Web sites comply with the available display recommendations. As a result, it is likely that computerdisplayed texts and documents have a lower surface legibility than printed documents.
Visualization of information, or the way information is displayed by authors and assessed by readers, is another source of difference in legibility across presentation media. Print technologies allow the use of large display areas (e.g., newspaper pages, posters) and a straightforward perception of text extension and content (e.g., stacks of books and papers on a desk). With computer presentation, the display area is bound by the physical size of the computer screen. Text resources are represented by symbols, for example, icons in a file folder or links in a hypertext menu. When browsing through printed materials, contents can be easily scanned; when browsing a hypertext, the user has to select links in order to explore the contents. Additional difficulties are the need to perform mouse clicks to go from one page to another and the need to use the scroll bar while reading. At least one study has shown that these two conditions (paging and scrolling), when combined, increase reading time and decrease memory for information, although no significant differences were found for either device used in isolation (Van Oostendorp and Van Nimwegen 1998) .
Designers can compensate, in part, for the limitations inherent to the electronic medium by making appropriate use of new display capabilities, for example, multiple windowing. Wiley (2001) tested the effectiveness of a two-window presentation on the comprehension of an expository document set dealing with Ireland's potato famine in the nineteenth century. The twowindow mode was supposed to encourage students to compare information across documents, a skill deemed necessary for learning history (Britt and Angliskas 2002) . Thirty undergraduate students were asked to study the documents in order to write an essay of what caused changes in Ireland's population. The two-window presentation improved students'performance on measures of writing quality but only in a condition where students were explicitly guided about the use of the windows for displaying documents side by side. Wiley suggested that only when both the task and the design support the integration of information, and students are explicitly directed how to use the feature, do students take advantage of the flexibility of multiple-source learning environments. More generally, people reading from computer-displayed documents have to adjust to the new specific visualization techniques that come with the new medium.
Deep legibility is a rather complex construct that characterizes the interaction of a text and its intended readership. Deep legibility may be assessed by looking at people's reading or study patterns or by assessing their comprehension or memory for the text contents. Researchers have used a variety of tasks and criteria to measure these dimensions, making it difficult to compare and synthesize the results of empirical studies (Chen and Rada 1996; Rouet and Levonen 1996) . One dimension that seems to significantly impact deep legibility is the networking of text elements, or nonlinearity. While pages in a printed text are usually arranged according to a linear pattern (i.e., numbered series), hypertext pages can be organized as a nonlinear network. Even though nonlinearity has sometimes been praised as a means to free the reader from the rigid organization of printed materials (Bernstein, Joyce, and Levine 1992) , excessive nonlinearity is known to cause disorientation and cognitive overload (Gordon et al. 1988; Wright 1991) . In fact, some authors argued that linearity is not a technological "constraint" of printed materials, but a way to help readers follow the author's reasoning and extract main ideas from a text (Charney 1994; Dillon 1994) . Thus, a minimal amount of linearity seems to be a condition for readers to understand the concepts underlying the linguistic message (Eveland and Dunwoody 1998; Foltz 1996) . Beaugrande (1997) even claimed that linearity principles are inscribed in language itself. These principles, such as pacing, look-back and look-ahead, merging, and listing help the user control the multiple levels of complexity in a text, and play an important role in text interpretation. Indeed, a study by Eveland and Dunwoody (2001) has shown that disorientation can be reduced by using print "cues" in hypertext, such as page numbers and summaries. In any case, reducing nonlinearity helps improve hypertext legibility.
Structural organizers also seem more important in hypertext than in print, maybe due to the reduced legibility at the surface level (e.g., smaller display surface). Structural organizers include titles, headings, tables of contents, and other devices that provide overviews of the thematic contents of a document set. Several authors have tried to design visual structures that facilitate orientation and navigation in hypertext. Again, the results have been rather inconclusive, partly because the researchers have used a wide range of tests and measures to assess readers' performance. In some studies, graphical organizers had a positive impact on text comprehension and memory. DeeLucas and Larkin (1995) compared three presentation formats of a nine-unit instructional document on electricity: linear, unstructured hypertext (with an alphabetic index), and structured hypertext (with a hierarchical content map). In their first experiment, forty-five college students studied the document in one of the three versions to prepare for a content-comprehension test. Students reviewed more materials when studying from either hypertext format, compared with the nonlinear condition. However, the participants spent more time selecting units to be reviewed in the alphabetic index than in the hierarchical content map. There was no difference in the total amount of information recalled, but the two hypertext formats resulted in a larger "breadth" of recall: the participants recalled more unit titles and ideas from more text units. Furthermore, the structured hypertext condition resulted in better memory for title locations in the index. In the second experiment, sixty-three college students read the same text in one of the same three presentation conditions. However, they were asked to read in order to summarize the document, that is, a more specific reading task. The participants reviewed more units than in the first experiment, and the differences between presentation conditions were greatly reduced. The authors concluded that the constraints of a specific task might override the effects of different presentation conditions.
The role of structural organizers in hypertext-based learning was also evidenced using online navigation data. Britt, Rouet, and Perfetti (1996) tested the influence of presentation format and structure on college students' navigation and learning from a multiple-document hypertext presenting historical issues related to the Panama Canal. The documents were presented using either a linear format (similar to print, with a summary, page numbers, and next/previous page icons) or a hypertext format. In the latter case, the documents were directly connected to each other through hyperlinks. Within each presentation format, the document set included a table of contents in which the documents were arranged either randomly or according to a meaningful order. Britt et al. asked forty-four college students to learn about the Panama Canal event in one of the four presentation conditions. Whatever the format and arrangement of the documents, the table of contents was frequently consulted as a landmark for navigating the document set. Surprisingly, the frequency of look-backs to the table of contents increased in the random presentation condition (i.e., where the presentation order of the documents was less informative), especially in the hypertext navigation mode. It seemed that the combination of hypertext and a confusing order of presentation created a high sense of disorientation that forced the readers to go back to the "surface level" of the document set, that is, its table of contents. The authors concluded that organizing the documents into a clear top-level organization is an important factor of usability and efficacy. "When subjects are given a document set that is structured to reflect a meaningful organization of the documents, hypertext links are not detrimental to student learning. . . . [However] , if the documents are given to the subjects in a scrambled order, then there will be a disadvantage to hypertext presentation format" (Britt, Rouet, and Perfetti 1996, 67) .
In summary, the research studies conducted so far indicate that the electronic display of expository materials reduces surface legibility and has variable impacts on deep legibility, depending on content representation and page-linking strategies. General conclusions as to the effects of hypertext on the dissemination of popular science materials are difficult to establish based on the available evidence because of the methods and criteria used in empirical research. Most studies have used either simple quantitative measures (e.g., reading or search time) or measures of comprehension and memory that are strongly dependent on the task context. Other factors of user performance, such as their attitudes and experiences with online technologies, have seldom been examined or even controlled in the experiments.
Assessing Media Efficacy: The Need for a Multidimensional Approach
The issue of media efficacy cannot be fully settled based on the simple quantitative performance measures typically used in legibility studies. More qualitative aspects of users' perceptions and behaviors must also be taken into account. Some of these aspects are preexisting attitudes, feelings of cognitive load, and satisfaction with the text.
Attitudes toward a technology can predict the degree of its adoption in a given population. In a survey of science writers, Trumbo et al. (2001) found that attitudes toward the Web in its early years were a predictor for its adoption at the end of the 1990s. Based on the paradigm of Diffusion of Innovations Theory (Rogers 1995) , they measured journalists' self-declared "favorability" to the Web in 1994 and compared it to connectedness and frequency of Web use in 1999. A regression analysis showed that the attitude (predominantly favorable) declared in the first survey corresponded to a high growth in technology use in the second. A favorable perception of the Web in its early years could, thus, predict its massive adoption by these journalists five years later.
However, a positive attitude or even heavy use does not mean blind faith in the medium. By means of semiguided interviews, Trumbo et al. verified that the heaviest users were also the ones who most mistrusted the information available on the Web. These professionals tended to see the Web and e-mail as great tools for news making, but they were also skeptical because the Web may easily lead to disorientation, to wasting time, and to unreliable information or illegitimate sources.
Cognitive load can be defined as the amount of effort necessary to identify and coherently integrate information from a text (Sweller et al. 1990 ). Early investigators of hypertext argued that hypertext usage could result in excessive cognitive load (Conklin 1987; Wright 1991) . For example, the lack of information about a link's content causes the sensation, often cited by hypertext users, of not knowing "what's behind the door" (Gordon et al. 1988) or "getting lost in hyperspace" (Edwards and Hardman 1989) . Similarly, the lack of cohesion in the way menu items are displayed can increase the feeling of disorientation when studying from hypertext (Britt, Rouet, and Perfetti 1996) .
Other studies have found little or no effect of presentation media on the perception of cognitive load. Eveland and Dunwoody (2001) compared the use of hypertext versus print for learning science subjects and did not observe any significant differences in perceived cognitive load across media. Perception of cognitive load was measured by means of 5-point Likert-type items (e.g., "I had difficulty understanding how the information was structured into a coherent story"). In all four media conditions tested by the authors (paper, linear hypertext, nonlinear hypertext, and nonlinear hypertext with navigation support), individuals who reported greater cognitive load were also the ones who obtained lower scores in a posttest. But the perception of cognitive load was not greater for hypertext than for paper. These results are interpreted as limited evidence that hypermedia reduces learning because of factors such as cognitive load and disorientation.
It is important to note that this study used a measure of "self-reported cognitive load" rather different from the quantitative estimates (e.g., study time, number of pages opened) measured in other works. As the authors themselves emphasize:
Other researchers have used either complementary response time (Harms 1991) or physiological responses (Wickens 1992) to measure cognitive load, and some simply assume it is produced by variations in the complexity of a given task (e.g., Mayer et al. 1999) . . . . The significant negative relationship between self-reported cognitive load and learning on both recognition and cued recall measures in our study suggests that our survey measure does have some validity. However, we think it best for now to interpret this measure as self-perceived cognitive load, which is not exactly the same as actual cognitive load. (Eveland and Dunwoody 2001, 66-7) Just like in previous studies, it may be asked whether the particular definition of cognitive load used by the authors, or even the type of items used in their questionnaire, may have had an impact on the observed pattern of effects.
Finally, many hypertext studies have attempted to assess the respective efficacy of text versus hypertext by evaluating the outcome of media usage in terms of comprehension, learning, or memory for content. As shown in the previous section, the outcome seems to depend on the type of measure used in the experiments. A few more examples can further illustrate this point: Lehto, Zhu, and Carpenter (1995) found that hypertext facilitated the location of references in a search task. Marchionini and Crane (1994) found greater lexical variability in texts produced by users of a hypertext version of an encyclopedia, but results were not significant in other tasks. In the study by Jacobson and Spiro (1995) , students using a hypertext designed after the principles of the Cognitive Flexibility Theory performed better on a transfer test (resolving case studies) and worse on a factual questionnaire, compared with a control group. Finally, there is some evidence that highly interactive hypertexts improve cognitive elaboration ("meaningful connections between new information and information held in memory") and recall of information, but these results require further investigation because elaboration does not occur during interaction and can be due to other factors (Tremayne and Dunwoody 2001) .
To summarize, the observed effects of hypertext depend to a large extent on the type of measure used to assess its effectiveness. So far, most studies have used a small number of dependent measures. Moreover, the tasks used to assess attitudes, cognitive load, or comprehension are highly variable and sometimes rather simplistic. For these reasons, further studies comparing print and electronic media are needed. More reliable conclusions regarding the benefits and limitations of reading hypertext might be reached by collecting a variety of measures within a single experimental design.
Media Efficacy and User Characteristics
The relative effectiveness of the electronic medium may also vary as a function of individual variables, for example, people's level of experience with the technology or their prior knowledge of the content area. Lazonder, Biermans, and Wopereis (2000) examined the effect of Web experience on students' ability to locate Web sites and to locate information within these sites. Seventeen Web novices and eight experts participated in the study. Web experience was defined in a preliminary screening test assessing the participants' total number of hours of Web experience and their self-estimates of proficiency with twelve Internet-related facilities. The participants were asked to perform a series of three search assignments. Each assignment involved locating a particular site and then a particular piece of information within the site. The Web experts were faster, more successful, more efficient (more hits per time unit), and more effective (less actions needed) in the Web site location task. No difference was found in the information location task. Eveland and Dunwoody (2001) assessed Web expertise in a group of 219 university students through the number of reported daily connections in a given month, combined with their self-reports of Web expertise. The participants were asked to study a set of passages about the flu virus, either from Webbased or print documents. Web expertise was significantly correlated with recognition and cued recall performance. However, there was no interaction with the learning medium, that is, Web expertise was also positively related to learning performance in the print-learning condition. Van Oostendorp and Van Nimwegen (1998) examined the impact of several variables, including the participants' Web experience, on twenty university students' ability to retrieve information from an electronic newspaper. They measured Web experience by means of a six-item questionnaire dealing with frequency of use of some operational systems, hypertext applications, and the Internet. The more experienced Web users were more successful than inexperienced users on tasks that required the user to access deeper levels of a hypertext (i.e., several mouse clicks away from the front page). Thus, the influence of Web expertise seems limited to some tasks or even some aspects of the tasks that people perform using Web resources.
Prior knowledge seems to influence users'ability to navigate through content, make choices among several document links, and understand content and sources of information (McDonald and Stevenson 1998; Potelle and Rouet 2003) . Rouet et al. (1997) found significant differences in the comprehension of a hypertext on the Panama Canal between senior history students (domain experts) and psychology students (domain-naive users). The authors attributed these differences to the acquisition of a so-called document model, implying source separation and content integration, which is typical of expert readers (readers that are used to handling several sources, text structures, and genders). Domain-naive readers tend to concentrate their attention on content and not on information sources.
In summary, research results indicate that a certain level of expertise is needed to search information or to learn from online resources. However, the concept of expertise needs to be carefully defined. At least two distinct sources of expertise are involved when using complex online information resources: expertise in using the technology and expertise in the content area. These two sources of expertise seem significantly related to students' performance. It seems important to control the participants' level of expertise on each criterion in any assessment of media efficacy. This has been done only in a limited number of studies so far.
Rationale and Hypotheses
Because of the large number of variables involved, previous research does not provide for the straightforward adoption or rejection of hypertext as a medium for popular science communication. The observed effects depend on the materials (e.g., contents, structure, amount of information), on the tasks and evaluation criteria, and on the participants' level of expertise with the technology and prior knowledge of the contents. Meanwhile, popular science publishers are already using the Web to disseminate contents. In this context, it is interesting to know the effects of hypertext versions of print documents on users'reading behavior, comprehension, cognitive load, and satisfaction. Does the use of Web-based publications allow as good of a comprehension of genuine science communication materials as traditional print media? Is hypertext comprehension a function of the users' prior experience with the technology? Do measures of comprehension, user satisfaction, and perceived ease of use coincide?
To answer these questions, we conducted an experiment comparing a print and an electronic version of a published popular science magazine report. In an effort to circumvent the issues of task and criteria variability pointed out above, we assessed readers' performance through several measures, including their comprehension, perception of cognitive load, attention, and satisfaction with the report.
Based on the literature review, we made the following hypotheses:
Hypothesis 1: Effect of presentation condition on comprehension. Users of hypertext will obtain a lower score on comprehension compared with print users. A control group, without reading materials at the time of answering questions, will obtain a much lower score than the two other groups.
The rationale for this hypothesis is that for document sets of moderate size, current hypertext systems offer lower levels of readability and flexibility of access than print. Nevertheless, since popular science readers are expected to be domain novices, reading the materials is a necessary condition to answer posttest comprehension questions. Internet experts are supposed to deal better with hyperlinks and navigation. Thus, they should be able to recognize the report structure, to make decisions about which texts to read and in which order, and to manipulate the devices controlling the display and size of the document windows to a greater extent than Internet novices. This greater ease of use should facilitate content comprehension. Readers with more prior knowledge on the topic would better recognize information in the report and remember it afterwards.
Hypothesis 4: Effect of presentation condition over distribution of attention. Hypertext users will pay more attention to the main text and less attention to the complementary documents, when compared with the users of print and the control group.
In hypertext, complementary documents are presented in a menu, making them less visible than in print, where they appear close to the main document; distributed through the pages; and presented with explicit references to them. Therefore, we thought hypertext users would pay less attention to these documents and more attention to the main document when compared with readers of the print version. For the latter readers, attention would be more equally distributed among all the documents.
Hypothesis 5: Effect of presentation condition on perception of cognitive load. Hypertext users will report a higher level of perceived cognitive load, compared with users of print and to the control group.
Because the effort to access and read documents (texts and graphics presented in pop up windows) was higher than for print (where all these documents were presented together with the main feature), we expected the perception of cognitive load to be higher among hypertext users.
Hypothesis 6: Effect of presentation condition over satisfaction. Hypertext users will consider the report less positively than readers of paper and of the control group.
Because of the expected cognitive load among hypertext users, we predicted that satisfaction would be lower among these participants.
Method

Participants
Forty-seven undergraduate university students participated in the experiment as part of a nonmandatory class assignment. They were fourth-year journalism students in a private university in the State of São Paulo (Brazil). Age, education, and socioeconomic level of participants corresponded to those of the magazine's target public. Students who had previously read the report were excluded from the analysis.
Materials
Pretest questionnaire. A questionnaire was designed to assess participants' technological experience, prior knowledge of the subject, familiarity with Superinteressante magazine and the text, and overall opinion on the issue of abortion. The clarity and the validity of the questionnaire were assessed in a pilot study involving eight students drawn from the same population (these students did not participate in the experiment).
Web experience was measured by means of six questions, including years of Internet experience; frequency of use of a list of selected sites (using a 5-point scale, ranging from 1 (never used) to 5 (many times a day); knowledge of technical concepts (e.g., "a cookie is . . ."); and knowledge of search sites (e.g., "cite two Web portals, besides Yahoo!, Cadê, Google, and Altavista"). Most questions were either multiple choice or scale-like.
Prior knowledge about the topic was measured by means of seven multiple-choice questions. The questions were drawn from factual information explicitly presented in the main feature or in the documents. An example of a 110 SCIENCE COMMUNICATION question is, "Which of the following drugs is used as an abortive drug in Brazil?: a. Captopril?, b. Cytotec?; c. Viagra?; d. I don't know." The purpose was to assess the participants' initial knowledge of some facts and notions relevant to the issues discussed in the report.
Familiarity with Superinteressante and the text were measured by means of two multiple-choice questions: "How often, on average, do you read the magazine?" and "Did you read the report 'The Pill of Discord'?" Regular readers of Superinteressante ("every month") were kept, but participants who had read the report were excluded from the sample.
Opinion on abortion was assessed through a 5-point scale question: "In which point of this scale would you place your opinion on abortion?," ranging from "must be totally legalized" to "must be totally prohibited." The purpose of this item was to control for the possible prevalence of radical opinions ("pro" or "against") and whether they changed after reading the report. Such a scenario was not verified.
Reading materials. We selected a report published by Superinteressante, the largest Brazilian popular science magazine, in April 2001. The report was motivated by the recent approval by the U.S. Food and Drug Administration of "mifepristone," an abortive drug that could possibly be used in Brazil for research purposes and/or illegally commercialized. Since abortion is not permitted in Brazil (except under restricted conditions, stated by specific laws), the report noted that the mifepristone "event" brought debates about abortion into the public arena. It presented arguments from advocates and critics and concluded that the current situation was considered inadequate by all groups. Therefore, it claimed, a change is necessary.
The report was formed by a set of documents: a feature (main text) and complementary documents (e.g., interviews, tables, infographics) that offered support information for what was said in the main feature. For example, one of them showed a list of countries where abortion is actually permitted or prohibited (where Brazil appears among the most restrictive), while the feature said that the effects of forbidding abortion depend on a number of factors and that permitting abortion is not necessarily negative (Superinteressante 2001, 54). Another document showed a list of arguments (for and against abortion), while the feature stated that abortion critics were concerned with the possibility of individualizing the decision through the mifepristone pill (Superinteressante 2001, 50) . Finally, an infograph showed the moments where life is considered to take place in pregnancy (e.g., for Catholics, the conception), while the feature mentioned polemics around the definition of "the beginning of life." In summary, these documents synthesized and/or presented additional arguments to what was said in the feature. Therefore, they played a role in the sense and comprehension of this report.
In the print version, the complementary documents were displayed along with the feature (Figure 1) , with explicit references to them in the text, for example, "see table on the next page." The hypertext version was found on the publisher's Web site: http://www.superinteressante.com.br. It featured the same content materials as the print version. Due to the constraints and affordances of the electronic medium, however, the hypertext version differed in the way documents were displayed and linked. Complementary documents were displayed by title, in a menu, before the initial paragraph of the main text (Figure 1 ). Infographics opened in a pop-up window. One of them was animated and used small text characters, which for a standard computer screen (800 × 600 pixels) required the activation of a zoom tool (right mouse button).
Posttest questionnaires. The posttest questionnaires measured five variables: comprehension, perception of cognitive load, satisfaction with the reading experience, perception of the relative importance of each document, and attention granted to each document during the study phase. The questionnaires were pretested with three students from the same group as in the prequestionnaires pilot study.
Comprehension was assessed through seventeen multiple-choice questions. Seven of the questions were paraphrases of the knowledge pretest questions. The other ten questions were also drawn from the main feature or the documents. Overall, eight questions dealt with information presented in the feature text, and nine dealt with information presented in the documents.
Perception of cognitive load was measured through a list of eight assertions that participants had to evaluate using a 5-point Likert-type scale. Four assertions were adapted from Eveland and Dunwoody (2001) and referred to cognitive load in general terms (e.g., "I had difficulty understanding how the information was structured into a coherent story"). The four others were more specifically related to the tasks and the materials used in the present study ("The tables and infographics were easy to read and understand," reversed item).
Satisfaction with the reading experience was measured through a list of five assertions about visual attractiveness, interest and easiness of the materials, and their contribution to the participants' understanding of the issue.
The participants rated their perception of importance and attention paid to each document through 5-point Likert-type scales (unimportant to very important and not read to read attentively, respectively). 
Procedure
The experiment was run in two sessions, separated by a one-week interval, in February 2002. The first session was dedicated to the pretest questionnaire, and the second session was dedicated to the reading task and posttest questionnaires.
Pretest session. The pretest session was run collectively in the participants' regular classroom. Before they answered the pretest questionnaire, students were informed about the research project and asked to give sincere answers. Then, the questionnaire was distributed and students were given fifteen minutes to answer. The fifteen-minute period was based on the results of the pilot study. All the students managed to complete the questionnaire within the allotted time.
Reading and posttest session. Based on their scores on the pretest questionnaires, the participants were assigned to a hypertext group (G1), a print group (G2), or a control group (G3). The three groups were balanced for age, gender, prior experience with technology, and prior knowledge of the topic. The data for each group are presented in Table 1 .
Web experience was highly variable across participants, with scores ranging from 22 to 70. All the participants, however, had at least some experience in using the World Wide Web. Topic knowledge was moderate, as indicated by a mean of 3.13 on a 7-point scale. Again, the level of prior knowledge varied across participants, with a standard deviation of 1.44 and scores ranging from 0 to 6. One-way analyses of variance indicated that there was no significant difference across groups on either Web experience or topic knowledge (all Fs < 1). Thus, the three groups could be considered equivalent on these dimensions. G1 read the hypertext report and then answered the posttests; G2 read the print report and then answered the posttests; G3 answered the comprehension questions of the posttest without reading the report, then read the print report and answered the other questionnaires (perception of cognitive load, satisfaction, and attention).
SCIENCE COMMUNICATION
Readers of the paper version used copies of the original magazine and were assigned to a standard classroom. 2 Readers of the hypertext used the online version of the report and were assigned to a computer classroom beside the standard classroom. To avoid connection problems during the experiment, the whole report was downloaded into Pentium 166 personal computers with fourteen-inch screens. Both classrooms were familiar to the students.
Results
The results are presented in an order consistent with the hypotheses. Unless mentioned otherwise, all the results are statistically significant at a p level of .05. Figure 2 shows the average comprehension score in each of the three groups for the main feature and the documents.
Comprehension
The overall level of correct answers in G3 was rather low (15 percent), indicating that reading the materials was indeed necessary for students to provide correct answers. In the two other groups, the comprehension level was much higher (63 percent and 72 percent on average in G1 and G2, respectively), which suggests that correct answers could actually be provided based on the content of the texts. However, as shown in Figure 2 , the comprehension level of the documents was lower for students in the hypertext group (G1) than for those in the print group (G2).
A two-way analysis of variance with Group (G1-hypertext, G2-print, G3-control) as a between-subject factor and Question Type (feature text, documents) as a within-subject factor showed a significant effect of Group, F(2, 44) = 72.27. G1 and G2 obtained scores significantly higher than G3, F(1, 30) = 105.38 and F(1, 29) = 117.62, respectively, but did not differ significantly from each other, F(1, 29) = 2.70, ns.
The analysis of variance also showed a significant effect of Question Type on the comprehension level, F(1, 44) = 27.20. On average, students performed better on questions about the main feature than those about the documents. In addition, there was a significant interaction between the Group and Question Type factors, F(2, 44) = 11.21. G1 (hypertext) obtained lower results than G2 (print) on questions about the documents (47 percent and 68 percent, respectively), F(1, 29) = 8.01. However, G1 and G2 obtained similar results on questions about the main feature (80 percent and 70 percent, respectively, F < 1).
Thus, our prediction that hypertext readers would obtain lower comprehension scores than readers of the print version was partially supported: readers of the hypertext version obtained lower scores on questions about the documents but not on questions relative to the main text.
To test hypothesis 2 (effects of students' technological experience and prior knowledge on their comprehension), we computed Pearson's correlations between pretest scores and the total comprehension scores in each group (see Table 2 ).
We obtained a nonsignificant positive correlation between technological experience and comprehension in the hypertext group, r(15) = 0.24. Therefore, our prediction that prior experience with the technology would improve content comprehension in the hypertext condition was not fully supported, despite a trend in the expected direction. Table 2 also presents the correlations between prior knowledge and content comprehension. In accordance with hypothesis 3, we obtained significant positive correlations between those two variables in G1 (hypertext) and G3 (control). Participants with a higher level of prior knowledge were better able to answer comprehension questions either after reading the hypertext (G1) or before reading the print version (G3). In G2, however, there was a significant negative correlation between participants' prior knowledge and content comprehension. This unexpected result is quite counterintuitive and difficult to explain. It may be suggested that a few participants with a high level of prior knowledge did not devote much attention to the materials and hence obtained lower scores on the comprehension test. Because of the small sample size, this would result in an negative correlation. We return to this tentative explanation in the next section.
Distribution of Attention
To obtain a quantitative estimate of the "amount" of attention devoted to the materials, the levels of the Likert-type scales were converted into numeric scores varying between 0 and 4. Figure 3 shows the average self-estimated attention score as a function of Group and Text Type (i.e., main text vs. average of the five documents).
A two-way analysis of variance, with Group as a between-subject factor and Text Type as a within-subject factor, showed that the participants granted more attention to the main text than to the documents, F(1, 44) = 89.53. More than 80 percent of the participants in the hypertext and print groups declared that they had read the feature text "attentively" (i.e., the maximal score on the 5-point Likert-type scale). This percentage was lower in the control group (56 percent), but all the other students in this group declared that they had read the feature "normally" (i.e., a score of 3/4 on the Likert-type scale). In contrast, the percentage of participants who declared reading the documents attentively ranged between 0 and 50 percent, depending on the group and on the document, with an average of 32 percent, 34 percent, and 28 percent in G1, G2, and G3, respectively. The Group factor had no main effect nor did it interact with Text Type, F < 1. Thus, hypothesis 4-that readers in the hypertext group would devote selectively more attention to the main text than to the documents, compared with the other groups-was not exactly supported. Participants in the hypertext group did devote more attention to the feature than to the documents, but so did the participants in the two other groups. Table 2 above shows Pearson's correlations between the average attention granted to the documents and the score obtained on the document comprehension questions. There are reasons to expect that a high attention to the documents would result in better comprehension scores since these documents presented unique and important information about the role of the mifepristone and the debate over its use. Indeed, we observed significant positive correlations in the hypertext and the print groups. The lack of such correlation in the control group is because these students answered the questions prior to reading the texts. Thus, in the two groups where students read the materials prior to responding to the questions, there was a significant relationship between the attention students devoted to documents and their comprehension. Students who read the documents "quickly" or "in a glimpse" or simply ignored them obtained lower comprehension scores than those who read them "attentively."
This additional finding sheds some light on the surprising negative correlation between prior knowledge and comprehension observed in the print group (G2, see Table 2 ). For instance, participant 213, who scored only 1 at the knowledge pretest (out of a maximum score of 6), paid a great deal of attention to the documents (a score of 3 out of 4 on average) and obtained a perfect score of 100 percent on the comprehension posttest. On the contrary, participant 205 had a high prior knowledge level (5) but paid only superficial attention to the documents (0.6/4 on average) and obtained a score of 33 percent on the comprehension posttest. More curious is the profile of participant 206, who scored 6/6 on the pretest, had an attention score of 3.6/4, but obtained only a mediocre score of 56 percent on the comprehension posttest. Due to the small sample size (n = 15 in G2), the presence of these and other contrasted individual profiles partially explain the observed negative correlation. Such profiles were not observed in the other groups.
Perception of Cognitive Load
Ratings on each of the eight items that comprised the perceived cognitive load scale (see Appendix A) were converted into scores between 0 (lowest load) and 4 (highest load). Ratings of the positive items were reversed so as to obtain a homogeneous scale. Correlation measures revealed that item 5 (study time) was not related to any of the other items. Therefore, this item was dropped from the scale and analyzed separately. The seven remaining items appeared to provide a consistent index of perceived cognitive load (Cronbach's α = 0.65). Scores in individual items were summed up for each participant and then converted into a percentage of the maximum possible score to form a global perceived cognitive load estimate.
The hypertext reading group had a higher perceived cognitive load (M = 36.6, SD = 18.19) compared with the print reading group (M = 20.48, SD = 12.41) and the control group (M = 17.19, SD = 13.82). A one-way analysis of variance with Group as a between-subject factor and perceived cognitive load as the dependent measure showed a significant main effect of the presentation condition, F(2, 44) = 6.99. Participants in G1 gave higher estimates than those in G2, F(1, 29) = 7.04, and G3, F(1, 30) = 11.31. The latter two groups were not significantly different from each other (F < 1). This pattern of results fully supports hypothesis 5 that reading hypertext would result in a higher cognitive load compared with any print condition.
To find out which specific aspects of the hypertext presentation were responsible for the higher cognitive-load judgments, a qualitative, item-byitem analysis was performed. Figure 4 shows the perception of cognitive load for the eight items of the cognitive-load perception questionnaire. For each item, we computed the percentage of participants who agreed "in part" or "fully" with the proposal (selections corresponding to the levels 3 and 4 of the Likert-type scale).
In G1 (hypertext), the item that collected the highest cognitive-load estimates was the figure "When does life begin?" Seventy five percent of the participants agreed that the data in this figure were difficult to read. In the hypertext version, the figure was a Flash animation and the textual comments were displayed using a very small font. To make them more readable, the user had to use the zooming function, through a click on the right button of the mouse. Then, the user had to move around the figure to reframe it within the document window, which occupied about a third of the screen size. In G2 (print), only 28 percent of the participants agreed with the same proposal, and 38 percent did so in G3 (control).
Consistent with the result above, 50 percent of the participants in G1 agreed that it was difficult to consult tables and graphics (reversed item). Thus, infographics appeared to be the main source of cognitive load for the readers of the hypertext version. Among the other sources of cognitive load in the hypertext group were the difficulty to perceive the size and content of the documents (69 percent of agreement) and the feeling of being lost while studying the materials (effective for 44 percent).
Even though unrelated to the other items, the time needed to study the materials was also perceived as an important constraint. Forty percent of the participants agreed that they would have gained a better understanding of the content had they had more time to study it. This feeling was slightly more prevalent in G2 (54 percent) than in G1 and G3 (31 percent and 37 percent, respectively).
To summarize, the higher cognitive load observed in the hypertext condition was mostly due to three rather specific items: accessibility of tables and graphics, content and size of the texts, and readability of the data in the animated diagram.
Satisfaction
The satisfaction ratings were high on the five items of the scale (see Appendix B) . A large majority of the participants liked the design of the report (91 percent), found the colors appropriate and pleasant (91 percent), would use the report if they had to study the topic (100 percent), and thought that the report increased their comprehension of the topic (81 percent). The item "I would read Superinteressante's texts online if I had free access to the site" collected a somewhat lower level of agreement with 64 percent, possibly because some participants were not willing to commit to such a general claim. There was no significant difference across conditions. Combined, the figures suggest that the participants were rather satisfied with the proposed materials and tasks, regardless of the presentation condition.
Discussion
Despite claims that hypertext would bring significant advantages over print for reading and studying, thus far, controlled studies have found mixed results. The present experiment adds to a growing body of evidence that the online presentation of complex documentary materials might not always live up to its promises. To overcome some of the limits of past studies, we used real-world materials, and we performed a number of measures of participants' performance, perception, and evaluation. Our purpose was to draw as complete a picture as possible of the respective benefits and limitations of paper and hypertext formats for presenting popular science magazine contents.
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The contents used in the present study were moderately familiar to the participants. Hence, the materials were appropriate as a means for them to acquire new knowledge. Indeed, we found that reading either version prior to answering the comprehension posttest resulted in significantly higher scores than simply answering the questions based on one's prior knowledge. Hypertext readers, however, obtained slightly lower scores than print readers. More interesting, we found that the comprehension decrease was limited to the questions concerning the so-called complementary documents, that is, documents that were not immediately visible on the computer screen but had to be selected through a menu in order to be displayed. Consistent with our hypothesis, hypertext presentation resulted in a lower comprehension performance for the information displayed on pages that were not immediately "visible." This finding is consistent with prior experiments showing comprehension losses when reading online, as well as the problem of information visibility in hypertext (e.g., Gordon et al. 1988; Van Oostendorp and Van Nimwegen 1998) .
The materials used in this study are rather similar to thousands of online popular science resources that can be found on the Web. So why should current hypertexts be so disappointingly inefficient? One of the problems has to do with poor legibility, intrinsic complexity, and poor design of current Web sites (e.g., Dillon 1994; Nielsen 2000) . These features contribute to an increase of cognitive load, or the fact that a task is more demanding on the individual's attentive and processing resources (Sweller 1994) . Following Eveland and Dunwoody (2001) , we asked the participants to gauge their perceived cognitive loads using a series of assertions. We predicted that reading hypertext would result in students' perception of a greater cognitive load. Consistent with this prediction, we found that hypertext readers tended to feel disoriented, they had trouble estimating the size of the documents, and they found that graphics and tables were harder to read. Assuming that these items accurately measure cognitive load, our prediction was fully supported by the data.
Our findings contrast with those of Eveland and Dunwoody (2001) , who did not find any global difference in perceived cognitive load across media. A possible explanation is that Eveland and Dunwoody's (2001) cognitive-load assessment task included fewer items and focused on general dimensions, whereas ours included statements about specific features of the materials. Among the items that we adapted from the study by Eveland and Dunwoody (2001) , only the "feeling of being lost" reached a significant percentage of agreement (44 percent in G1). The three others gathered a mere 10 percent of agreement or less. These findings suggest that specific items are needed for an accurate assessment of perceived cognitive load. It must be pointed out, however, that none of the studies included a direct estimate of cognitive load. This type of measure is technically feasible (e.g., through the measure of reaction times to a secondary task), but it is very difficult to perform while observing complex cognitive activities in a naturalistic setting.
The results suggest that the negative impact of hypertext on comprehension and cognitive load may be partly overcome through practice with the electronic medium. There was a positive (though nonsignificant) correlation between the amount of prior experience with information technology and hypertext readers' comprehension performance. Such a positive relation was not found with the print version. The nonsignificant result may be due to a lack of statistical power (due to the small sample size) or to the intervention of other variables not measured in the present study (i.e., learning skills or study strategies; see Hacker 1998; Lonka, Lindblom-Ylänne, and Maury 1994) . Indirect evidence for the intervention of such variables comes from the inconsistent correlation pattern observed between prior knowledge and comprehension. Whereas in the hypertext and control groups, the correlation was positive and significant, consistent with the literature (e.g., Afflerbach 1990; McDonald and Stevenson 1998; Potelle and Rouet 2003) , in the print group, the correlation was negative. A careful analysis of individual profiles in this group showed that some students with low prior knowledge had devoted enough attention to the materials to obtain high scores on the posttest, while some high-knowledge participants had paid less attention to the content information and obtained lower scores on the test. Moreover, we found significant correlations between the reported attention granted to the secondary documents during reading and the participants' performance on the comprehension test.
One issue left open in our study is whether studying from nonlinear materials encourages specific attitudes or strategies on the part of students. 3 Eveland and Dunwoody (2001) found a significant difference in the amount of "selective scanning" across media conditions. Selective scanning, assessed by a 2-item Likert-type scale ("I only read sections that looked important"; "I skimmed through the story"), was significantly higher in the hypertext reading condition than in the paper condition. In the present study, we did not measure selective scanning, but we asked the participants to report the perceived importance and attention devoted to each of the documents. There was no difference across media on either of these measures. However, as noted above, students' self-reported attention to the documents was significantly related to comprehension in both the paper and the hypertext conditions. Thus, even though our results do not confirm the selective-scanning hypothesis, they do support the more general notion that study strategies affect the comprehension of multiple documents.
reading the report? This important issue deserves a more extensive investigation. More generally, variables of legibility, argumentation, and publishers' editorial strategies probably contribute to regulating media effects. Further studies should try to uncover the nature of the equation between these complex variables.
Appendix A Items Used in the Cognitive-Load Assessment Questionnaire (n.b., the items were originally presented in Portuguese)
